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Method for Operating a Level Control System 
of a Motor Vehicle 
Cross Re ference to Related Application 

This application claims priority of German patent 
application no. 103 16 760.9, filed April 10, 2003, the entire 
content of which is incorporated herein by reference. 
Background of the Invention 

Level control systems appear in ever greater degrees of 
distribution in motor vehicles because these systems make 
possible a dip compensation of the vehicle chassis relative to 
the vehicle body, for example, during rapid acceleration 
operations or for a non-uniform loading state of the vehicle. 

These systems include usually a control apparatus which is 
connected via sensor lines to sensors for the direct or indirect 
determination of a distance of the vehicle chassis or vehicle 
frame relative to the vehicle axles and is connected to actuators 
via signal lines. With the aid of these actuators, the distance 
of the vehicle chassis relative to the wheel axis is adjustable 
in a targeted manner. The sensors are, as a rule, configured as 
displacement sensors; whereas, the actuators are hydraulically or 
pneumatically actuable piston-cylinder arrangements or air 
springs. Furthermore, a hydraulic or pneumatic pump belongs to 
such a system as do electric switching valves as well as a 
pressure medium store as may be required. A level control system 
of this kind is disclosed, for example, in United States patent 
publication 2002/0079626. 

A so-called vehicle slant state is present for an alignment 
of the vehicle chassis to the particular vehicle axle with this 
alignment being transverse to the vehicle longitudinal axis. One 



such operating situation can, for example, be given in that the 
wheels of the right vehicle side stand on a curb stone while the 
opposite-lying wheels lie somewhat deeper on the roadway. United 
States Patent 6,234,493 and European patent publication 0,752,32 9 
describe the operation of level control systems in a situation 
wherein the vehicle slant state is, for example, only controlled 
out in the sense of a chassis alignment as horizontal as possible 
when the vehicle, after a vehicle loading operation, is driven 
down from the curbstone or when previously determined slant state 
limit values are exceeded. 

Furthermore, German patent publication 100 22 834 discloses 
a method for preventing the turnover of an air- spring suspended 
vehicle on an inclined roadway. The operating situation 
described there is comparable to the above-mentioned curb stone 
situation. Accordingly, this publication relates to a vehicle 
having a level control system which is effective in a special 
manner when a vehicle having a high- lying center of gravity (that 
is, for example, a high-built commercial vehicle such as a bus) 
stands or travels with its longitudinal axis transverse to a 
slope . 

In the method described in German patent 
publication 100 22 834, a turnover of the vehicle for a possible 
shift of weight within the tourist bus because of traveling 
guests is prevented in that all air springs of the vehicle are 
vented after the occurrence of specific control preconditions. 
According to this publication, in such a dangerous situation, 
however, it can also occur that only the higher-lying air springs 
on one side are vented and/or the lower-lying air springs on the 
other side are filled. 

Finally, German patent publication 4,003,766 discloses a 



level control system for an air spring suspended vehicle wherein 
the level control operation is prevented in a selectable time 
span in such operating situations when the speed, with which a 
wheel axle of the vehicle moves relative to the vehicle frame, 
exceeds a pregiven threshold value. With this method, all those 
dynamic spring deflection operations with respect to the response 
of the level control system can be neglected which are generated 
by normal driving dynamic operations such as speed changes, 
travel in a curve, driving through potholes, et cetera. 

In addition to the described slant state, there is 
especially in the operation of off-road vehicles an operating 
situation wherein the vehicle is not directed with its 
longitudinal axis precisely uphill or downhill, rather, where the 
longitudinal axis is aligned slanted to the hill. If such an 
off-road vehicle is equipped with a conventional level control 
system, the danger is present when exceeding a specific hill 
slope inclination angle and slant state angle that the vehicle 
assumes an unstable position with the level compensation unit and 
turns over . 

Summary of the Invention 

In view of the foregoing, it is an object of the invention 
to provide a method for operating a level control system wherein 
the described dangerous situation can be avoided or at least 
el iminated . 

According to the above, the method relates to the operation 
of a level control system of a motor vehicle having: a control 
apparatus; sensors for the direct or indirect determination of 
the distance between the vehicle chassis or the axles or the 
contact points of the vehicle wheels; and, actuators such as 
piston-cylinder arrangements or air springs for adjusting the 



distance of the vehicle chassis to the wheel axles or wheel 
contact points. In this control apparatus, a check is made on 
the basis of the determined distance measuring values in a 
desired-actual comparison as to whether the distances of the 
vehicle chassis to the particular wheel axles exceed 
predetermined limit values. With such an exceeding of the limit 
values, one or several of the actuators are actuated in order to 
achieve a level compensation in the sense of an alignment of the 
vehicle chassis as horizontally as possible. 

For avoiding or at least for eliminating the so-called 
dangerous situation, the control apparatus prevents the automatic 
level compensating control or offers the possibility of a slope 
compensation limited by the control unit or the vehicle 
construction (slope stabilization) when the vehicle is disposed 
in a slope position and slant position impermissible for the 
vehicle safety. 

For detecting the slope position and slant position of the 
vehicle (that is, especially the slope angle and the slant state 
angle) , sensor data as to speed (preferably measured with the aid 
of at least one rpm sensor at at least one vehicle wheel) as well 
as the longitudinal acceleration and the transverse acceleration 
of the vehicle are utilized. In modern vehicles, these measured 
values are, as a rule, already detected for the control (open 
loop and closed loop) of other vehicle functions and are 
therefore, as a rule, available without additional cost. 
Brief Description of the Drawings 

The invention will now be described with reference to the 
drawings wherein: 

FIG. 1 is a schematic showing the motor vehicle in a 
downhill direction of its longitudinal axis; 



FIG. 2 is a schematic of an operating situation wherein the 
vehicle is shown with its longitudinal axis at right angles to 
the slope; 

FIG.. 3 is a schematic showing the motor vehicle in plan view 
in an operating situation wherein the longitudinal axis thereof 
is so aligned that this axis is disposed between the alignments 
shown in FIGS . 1 and 2 ; 

FIG. 4 is a schematic showing a level control system of the 
vehicle ; 

FIG. 5 is a schematic of a decision block of the control 
apparatus for determining when the vehicle inclination is 
permissible or impermissible; 

FIG. 6 shows two program steps for drawing a conclusion as 
to the presence of permissible slope and slant position; 

FIG. 7 is another schematic showing program steps for 
defining the impermissible slope and slant position; 

FIG. 8 is a schematic showing the control apparatus and a 
display and loudspeaker connected thereto; 

FIG. 9 is a schematic showing the effect of a manually 
triggered actuation of actuators of the vehicle level control 
system; 

FIG. 10 is a schematic showing a vehicle traveling in a 
curve including the vector of the accelerations acting thereon; 
and, 

FIG. 11 is a schematic of a filter circuit for a sensor 
signal . 

Description of the Preferred Embodiments of the Invention 

FIGS. 1 to 3 show the various slope positions of a motor 
vehicle and show the vehicle 1 on a slope 2 which is at a slope 
angle a inclined with respect to the horizontal 3. In FIGS. 1 



and 2, the vehicle 1 is shown in operating situations wherein the 
operation of a level control system is non-critical. FIG. 1 
shows the vehicle 1 in a downhill direction of its longitudinal 
axis wherein a longitudinal acceleration (a^) acts on the vehicle 
in a direction of the longitudinal acceleration axis and the 
gravitational acceleration g. The value of this longitudinal 
acceleration on the vehicle then amounts to = g • sina 
wherein g is a natural constant known per se . 

As a rule, in this situation, the level control system does 
not intervene because the chassis (that is, the vehicle frame not 
shown here separately) maintains a permissible and predetermined 
distance at the forward axle as well as at the rearward axle of 
the vehicle 1. 

FIG. 2 shows an operating situation wherein the longitudinal 
axis of the motor vehicle is aligned at right angles to the 
slope 2 so that a slope descending acceleration a^ = g • sina as 
well as the gravitational acceleration g act upon the vehicle 1, 
while, for a constant driving speed or the vehicle at standstill, 
the value for the vehicle longitudinal acceleration is ^ = 0. 
In such operating situations, and for large slope inclination 
angles a, a level control system can be utilized with advantage 
in order to, for example, fill air springs on the 

slope-downwardly directed side as mentioned initially herein and, 
at the same time, deflate or vent the air springs on the 
upwardly-directed side. With this procedure, a level 
compensation is provided to a permissible extent in the sense 
that the vehicle frame or the vehicle chassis is aligned 
approximately in the direction to a position which is parallel to 
the horizontal 3. 

In contrast, FIG. 3 shows the vehicle 1 in a schematic plan 



view III on the slope 2 in accordance with FIG. 1 in an operating 
situation wherein the longitudinal axis 4 of the vehicle is so 
aligned that this axis lies between the alignments shown in 
FIGS. 1 and 2. In this situation, the vehicle longitudinal 
axis 4 is accordingly pivoted by a slant angle 3 with respect to 
the position wherein the vehicle forward end and the vehicle 
rearward end are directed uphill or downhill, however, it does 
not lie on an elevation line of the slope 2. 

For a vehicle alignment of this kind, the acceleration 
values a' x , a' y and g' act on the vehicle 1 which indicate the 
vector components of the acceleration values a y and g. 

Insofar as the slope inclination angle a and the slant position 
angle (3 have impermissibly large values, the actuation of a 
control level system can lead to the acceleration values a ' x 
and a' y which can cause a turnover of the vehicle. This danger, 
which is to be avoided in any case, exists especially in vehicles 
having a high bodywork and with a level control system wherein 
the known actuators or air springs are not actuated individually 
for each wheel but only along a common axle of the forward wheels 
or rearward wheels. 

The slope inclination angle a and the slant position angle p 
can be preferably determined by the mathematical -physical 
relationships referred to hereinafter. 

An addition of the slope descending acceleration components 
results in: a' x + a' y = g ' ; wherein the value g' is also 
determined by g' = g • sina. 

With cos(3 = a' x /g' , there results: a' x = g' ■ cosp. By 
inserting the value for g', one obtains the slope descending 
acceleration component: 

a' x = sina • cos£ • g (1) 



In the same manner, the slope descending acceleration 
component a' y is determined from sinp = a' y /g' and a ' y = g' • sin|5. 
By inserting the value for g' , one obtains the slope descending 
acceleration component: 

a' y = sina • sinp • g (2) 

From the combination of equations (1) and (2), the following 
results : 

a' cos/? 

— = —^Z (3) 

a\ sin/? 

wherefrom: 

U \ 

—f- = tan/? (4) 

a x 

can be derived. 

The slant position angle (3 can then be computed from 
equation (4), for example, via a series development. A slant 
position angle 3 determined in this manner can then be inserted 
into equation (1) so that the slope angle a can then be computed 
with this equation (1) . 

As the above derivations of angles a and (3 show, no separate 
sensor means is needed for the determination of these angles 
which facilitates the use of the method of the invention in the 
control system in an especially cost effective manner. 

This control unit can be a component of a level compensating 
control apparatus and is so operated that the control unit draws 
a conclusion as to the presence of an impermissible slope and 
slant position, for example, when the vehicle speed value is 
equal to or is virtually zero and the longitudinal and transverse 
acceleration are greater than zero. 

For a driving speed value greater than zero, the measured 
longitudinal acceleration value is reduced by the vehicle 
longitudinal acceleration value derived from the driving speed as 
a function of time. If, from this computing operation, a 
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longitudinal acceleration value results, which deviates by a 
predetermined value from zero, this value is applied for checking 
the permissibility of the slope and slant positions of the 
vehicle . 

In addition, in such an operating condition, it is 
determined with the aid of a steering angle signal whether the 
vehicle is just then driven through a curve and what the degree 
of curvature is. With the values of vehicle speed and steering 
angle, the transverse acceleration of the vehicle in a curve can 
be determined. A subsequent comparison to the measured 
transverse acceleration then indicates whether the vehicle, in 
combination with the determined slope position, is in an 
impermissible slant position. 

Impermissible vehicle slope positions are preferably defined 
in the control apparatus as such positions for which the vehicle 
is disposed on a slope having a slope inclination a which exceeds 
a pregiven slope inclination limit value a Limit and for which the 
vehicle assumes a slant position angle (3 to this slope which 
exceeds a slant position limit value 3 Limit - The slope inclination 
limit value a Limit and the slant position limit value & Limit are, 
however, dependent upon the following: the spatial dimensions of 
the vehicle; its typical loading; load distribution; and, total 
weight of the vehicle. For a typical European middle-class 
vehicle, the slope inclination limit value a Limit is greater 
than 20° and the slant position limit value 3 Limit is greater 
than 30°. 

In a further embodiment of the method of the invention, it 
can be provided with advantage that, when the slope inclination 
limit value a Limit and the slant position limit value P Limit are 
exceeded, the control apparatus advises the driver of the vehicle 
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as to this condition and/or the slope inclination angle and slant 
position angle optically and/or acoustically by activating a 
corresponding display device and/or loudspeaker. 

Furthermore, it is also a feature of the invention that the 
control apparatus permits a manually initiated actuation of the 
actuators at the wheel axle after ending the automatic level 
control method. 

In this connection, it is advantageous according to the 
invention when the control apparatus recommends to the driver of 
the vehicle with the aid of a display or speaker system which of 
the affected actuators are to be actuated and in which manner 
these are to be actuated in accordance with the judgment of the 
control apparatus in order to bring the vehicle chassis into a 
more comfortable and/or safer spatial position notwithstanding 
the determined impermissible slope and slant positions. This 
control operation can also take place automatically along a 
common axis defined by the forward wheels or a common axis 
defined by the rearward wheels or for each wheel individually 
{manually or automatically triggered slope stabilization) with or 
without previous enablement by the driver of the vehicle. 

In addition, the sensor signals, which are used for carrying 
out this method, should be preferably filtered in the control 
apparatus ahead of their further processing to avoid signal jumps 
so that plausible control values and data values result for the 
level control system as well as for the driver of the vehicle. 

As already indicated, it is viewed to be especially 
advantageous when the method of the invention is executed in a 
control apparatus of an off -road vehicle or a commercial vehicle. 
A practical use in a passenger car is likewise possible. 

The method of the invention is for operating a level control 
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system of a motor vehicle 8 as shown in FIG. 4. The system 
includes a control apparatus 10 and a plurality of sensors for 
directly or indirectly determining the distances of the vehicle 
chassis to the axles of the vehicle wheels to obtain measured 
values for these distances. These sensors are represented 
schematically by the signal inputs applied to the control 
apparatus 10, namely, the elevation signals and additional 
signals which include: speed, longitudinal acceleration, 
transverse acceleration and steering angle. These additional 
signals are supplied via a bus system (CAN) from other control 
apparatus. The desired elevation is also applied to the control 
apparatus 10. The control apparatus 10 outputs signals to 
actuators such as valves 12 for changing the distances of the 
vehicle chassis to the wheel axles by filling or venting air 
springs 14 . 

In the method, a check is made in control apparatus 10 as to 
whether these distances exceed predetermined limit values with 
the checking being performed by the control apparatus on the 
basis of the measured values in a desired- value actual-value 
comparison . 

At least one of the actuators is actuated in response to a 
deviation of the distances from the limit values in order to 
obtain a level compensation in the sense of a horizontal 
alignment of the vehicle chassis. An automatic level 
compensating control is prevented when the motor vehicle 8 is 
disposed in a slope and slant position impermissible for the 
safety of the motor vehicle. 

The impermissible slope and slant position is determined in 
a decision block 16 (FIG. 5) of the control apparatus 10 from 
sensor data as to the speed (vehicle wheel rpm) , longitudinal 
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acceleration and transverse acceleration of the motor vehicle. 

A conclusion is drawn as to the presence of the 
impermissible slope and slant position when the vehicle speed 
value is equal to or close to zero and the longitudinal 
acceleration value and the transverse acceleration values are 
greater than zero. This is expressed by the program steps shown 
in FIG. 6 wherein: v = vehicle speed; a tran = transverse 
acceleration; and, a long = longitudinal acceleration. 

The impermissible slope and slant position is defined as a 
position whereat the vehicle is on a slope having a slope 
inclination angle (a) exceeding a pregiven slope inclination 
limit value (a Limit ) and, to this slope, the vehicle assumes a 
slant position angle (P) which exceeds a slant position limit 
value (3 Limit ) • This is expressed by the program steps shown 
in FIG. 7. 

The slope inclination limit value (a Limit ) and the slant 
position limit value (3 Limit ) are dependent upon: the spatial 
dimensions of the motor vehicle, the typical loading of the motor 
vehicle, the weight distribution and the total weight. Thus, the 
slop inclination limit value (of Limit ) is equal to a function of 
(dimension, loading, total weight) . 

When the slope inclination limit value (a Limit ) and the slant 
position limit value (P Limit ) are exceeded, the control 
apparatus 10 advises the driver of the motor vehicle of this 
condition and/or the values thereof optically or acoustically by 
activating a corresponding display device 18 and/or 
loudspeaker 20. This is shown in FIG. 8. 

According to another feature of the invention, control 
apparatus 10 permits a manually triggered actuation of the 
actuators after an ending of the automotive level control method 
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as shown in FIG. 9. 

According to another feature of the invention, the control 
apparatus, with the aid of a display device or audio device, 
advises the driver as to which one of the affected actuators and 
in which manner these actuators are to be actuated in accordance 
with the determination of the control apparatus in order to bring 
the vehicle chassis into a more comfortable and/or safer spatial 
position notwithstanding the determined impermissible slope and 
slant position. 

For a traveling vehicle, the instantaneous driving speed is 
determined and the instantaneous steering angle of the vehicle is 
determined utilizing a steering angle sensor. The steering angle 
of the vehicle 8 is shown in FIG. 10. For a drive through a 
curve on a slope, the influence of the transverse 

acceleration (a tran ) and the longitudinal acceleration (a long ) on 
the vehicle as a consequence of this drive through a curve is 
considered in the determination of the impermissible slope and 
slant position as well as the level compensation of this 
position. These accelerations are also shown in FIG. 10. 

The sensor signals measured by sensors are filtered by a 
filter 22 as shown in FIG. 11 before further processing in the 
control apparatus 10 to avoid signal jumps. 

It is understood that the foregoing description is that of 
the preferred embodiments of the invention and that various 
changes and modifications may be made thereto without departing 
from the spirit and scope of the invention as defined in the 
appended claims . 
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